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ABSTRACT 
This paper presents an assessment of the spatial and temporal distributions of soil salinity in the coastal region of 
Bangladesh. The severity levels are evaluated using geographic information system (GIS) analysis as the major 
source of information. The result shows that a total of 1,82,310 ha new land is affected in the region by various 
degrees of soil salinity during a three-decade period from 1973 to 2000, which is about 28% increment of the total 
salinity area compared to the initial area in 1973. The spatial extent of salinity has shown an increasing trend, with 
noticeable changes in soil salinity from coastal areas to northern areas. Considerable salinity has reached the 
Magura district, about 240 km north from the coast. Furthermore, it has been found that different districts of 
Bangladesh such as Khulna, Bagerhat, Barguna, Satkhira, Barisal have been affected by different degrees of soil 
salinity, due presumably to sea level rise caused by global climate change. As a result, the crop productivity in 
some of these districts has decreased at an alarming level. The results of this study will help the decision makers 
and planners to consider sustainable social, agricultural, environmental and water resources management plans in 
and around the coastal region of Bangladesh. 
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1. INTRODUCTION 
Salinity is an important issue in the coastal region of Bangladesh. Due to the presence of salinity in water and 
soil, the people of the region are suffering from water shortage for drinking, irrigation, agriculture and other uses. 
Ecology in the southwest region, in particular, has become a great concern. Furthermore, agriculture is the major 
sector of the economy of Bangladesh and the southwest region of the country is suitable for growing rice. Out of 
1.14 million hectares of coastal and offshore lands, about 0.37 million hectares of arable land have been badly 
affected in the greater Khulna region by various degrees of salinity in different cropping seasons (NWMP, 2001). 
Most of the lands remain fallow in the dry season and no crop grows due to salinity hazard and lack of freshwater 
(BARC-BRRI, 2001). Besides salinity, in a relatively recent development, it is found that about 138,600 ha ofland 
are under shrimp farming in this ecologically sensitive region (EGIS, 2001a). Out of that, about 42,550 ha, 36,500 
ha, and 49,550 ha of lands of Satkhira, Khulna and Bagerhat districts, respectively, are under Bagda shrimp 
cultivation. Because of these trends, the biodiversity of coastal region including the Sundarbans (the largest 
mangrove forest of the world) are under greater threat, and many species of flora and fauna are becoming extinct. 
Thus, the spatial and temporal change in the distribution of salinity is one of the important aspects for developing 
the environmental management plan (Haque A.U. 2009, Panaullah 1993). 
Nowadays, climate change has become an important issue worldwide. In 1990, Intergovernmental Panel on 
Climate Change (IPCC) estimated that with a business-as-usual scenario of greenhouse gas emission, the average 
temperature would be 3 .3 °C warmer by the end of the 21st century, with a range of uncertainty between 2.2 and 
4.9°C (Warrick et al., 1993). With such a rise in temperature, sea level will rise because of the thermal expansion of 
sea water and melting of polar ice. In Bangladesh, sea level rise will cause land erosion, salinity intrusion and loss 
in biodiversity. 
2. METHODOLOGY 
The major sources of data and information are Soil Resources Development Institute (SRDI), Bangladesh Water 
Development Board (BWDB), Water Resources Planning Organization (W ARPO), Center for Environmental and 
Geographic Information Services (CEGIS), and Bangladesh Agricultural Research Council (BARC), as well as 
internet sites. All the spatial (GIS) data were converted into the same geographic projection (Bangladesh 
Transverse Marcator or BTM) system so that they have nearly the same spatial and temporal coverage. 
The spatial data were analyzed using ArcGIS, and attribute data (including time series data) were analyzed using 
Microsoft Access and Excel. The advanced tools of ArcGIS ( e.g. Spatial Analyst and Geo-statistical Analyst) have 
been used for performing the GIS analysis. The secondary GIS data from SRDI, CEGIS and W ARPO were also 
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used to prepare the salinity maps. Then, the spatial and temporal variations of soil salinity distributions were 
analyzed through visual as well as digital interpretation. 
3. RESULTS AND DISCUSSION 
Spatial distribution of soil salinity: Figure 1 (a) shows the spatial distribution of soil salinity in 1973 based on the 
GIS analysis of the SRDI data. Here it can be observed that highly saline areas, defined with the soil electric 
conductivity of more than 15 dS/m, are spreading in most of the southwestern districts including Satkhira, Khulna, 
and Bagerhat. Figure 1 (b) depicts the result of more recent study (SRDI, 2009): in this figure, it is found that some 
of the new lands of Pirojpur, Barguna, Patuakhali, Bhola have been affected. In addition, inland regions such as 
Jessore, Narail, Gopalganj, Jhalokati, Barisal, and Madaripur districts are affected by different degrees of soil 
salinity, which could reduce the crop productivity therein. 
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Figure 1. Spatial distribution of dry season soil salinity: (a) maximum soil salinity in 1973 and (b) in 2009. 
Table 1. Different classes of soil salinity areas in 1973 and 2009 (source: SRDI) 
Different classes of soil salinity Salinity affected Salinity affected 
areas ( dS/m) area in 1973 (ha) area in 2009 (ha) 
Highly saline (> 15) 20700 281340 
Moderately to highly saline (8-15) 49100 225420 
Slightly to moderately saline ( 4-8) 341730 271800 
Slightly saline (2-4) 242120 92470 
Total salinity area 653650 871030 
Temporal distribution of soil salinity: Table 1 summarizes the changes in the area coverage for different soil 
salinity levels between 1973 and 2009. It is noticeable that highly saline areas with conductivity of more than 15 
dS/m have increased by a factor of 13.6 during a period of 36 years, due presumably to the sea level rise coupled 
with land subsidence effects in the coastal districts. 
Furthermore, temporal and spatial statistics are illustrated in Figs. 2(a)-(c). Figure 2(a) indicates that the total 
soil salinity area, defined as the area with conductivity of more than 2 dS/m, has increased substantially in 1997, 
but slightly decreased in 2000 and again increased in 2009. The decrease in 2000 could be attributed to the 
increased freshwater flow through Ganges-Gorai system after its restoration in 1999 (EGIS, 2001 b ). 
District-wise distribution of soil saline areas for the year 2000 is shown in Fig. 2(b ). Most of the soil salinity 
areas are in the districts of Bagerhat, Barguna, Khulna, Patuakhali and Satkhira, which are covering around 80% of 
the total saline areas in total. Around 30% is affected in the Bhola district, while in Madaripur, Gopalganj, Jhalokati, 
J essore and Barisal, the percentile is less than 20%. 
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Figure 2. Soil salinity statistics: (a) Year-wise comparison of total area affected with soil salinity (more than 2 
dS/m), (b) district wise salinity distribution in 2000, and ( c) comparison of soil salinity between 1973 and 2000. 
According to a previous study (Sarker, 2005), it was found that about 182,300 ha new land had been affected by 
various degrees of soil salinity during the last three decades (Figure 2c ). Possible reasons for this trend are 
freshwater withdrawal from upstream, introduction of brackish water shrimp cultivation, faulty management of 
sluice gates, regular saline tidal water flooding in unpoldered areas, capillary rise of soluble salts from saline 
groundwater table at shallow depth, etc. 
Table 2: Yield performance of non-rice crops irrigated by 
saline water in the coastal area (MondaL 2001) 
Name Maximum Electrical Yield 
of crops yield ( t/ha) conductivity ( dS/m) loss,% 
Irrigation Soil 
water 
Wheat 2.45 1.55-1.80 4.00-4.85 25 
Burley 2.17 1.55-1.80 4.00-4.85 29 
Millet 
1.07 1.50-1.80 4.00-4.75 12 
(Kaon) 
Cheena 
(Bogai 1.46 1.50-2.00 4.85-4.90 22 
Kanchi) 
Maize 
3.95 1.50-2.00 5.80-6.20 45 
(Shuvra) 
Chick 
0.78 1.50-2.00 3.75-4.95 -
pea 
Impact of soil salinity in the study area: 
Table 3: Yield loss at different growing 
stages of rice irrigated by saline water (Das 
and Mehrotra, 1971). 
Growth 
stage of rice 
Yield loss, % 
EC= 3 EC= EC= EC 
dS/m 8 14 21 
Early stage 0 
Reproductive 0 
stage 
dS/m dS/m dS/m 
50% 75% 96% 
0 10% 52% 
Both groundwater and soil salinity have severe impact on the environment of studied areas. For groundwater 
salinity exceeding 3.0 dS/m, farmers cannot grow crops in the winter season well. The maximum yield and yield 
loss of non-rice crops due to salinity were evaluated by Mondal (2001 ), as shown in Table 2. Also, Das and 
Mehrotra ( 1971) conducted a research on the yield loss of modern varieties ofrice due to salinity, as reproduced in 
Table 3. Salinity intrusion due to sea level rise will decrease agricultural production by unavailability of fresh water 
and soil degradation. Salinity also decreases the terminative energy and germination rate of some plants (Rashid et 
al., 2004; Ashraf et al., 2002). 
From a study conducted by the World Bank (2000), the increased salinity from a 0.3-m sea level rise will cause 
a net reduction of 0.5 million metric tons of rice production. Sea level rise will also affect coastal agriculture, 
especially rice production in Bangladesh in the following two ways: (i) the salinity intrusion degrades soil quality 
that decrease or inhibit rice production and (ii) hence, the rice fields are converted into shrimp ponds, total 
production of rice decreases due to decreased rice field areas (Rahman et al., 2000). 
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